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harvester, both of which work in conjunction with a separately provided endoscope. The vessel dissector is an elongated cannula 
having a blunt tip for separating layers of facial around vessels. The tip may be movable, and is typically transparent to permit 
viewing forward of the tip using the endoscope. Internal features of the tip may reduce glare back to the endoscope. Several 
devices improve visibility through the tip by reducing interference from tissue or fluid on the tip. The vessel han^ester also has an 
elongated cannula for receiving the endoscope. Several tools within the han/ester permit manipulation, severing, and sealing of 
vessels forward of the distal end. The tool for manipulating vessels may have a low-profile for increased visibility of operation, and 
may be coupled to the cannula with a damping mechanism to reduce the possibility of avulsion of the vessels. Various vessel 
cutting and sealing devices are provided that may accommodate various sizes of vessels and improve cutting and sealing efficacy. 
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ENDOSCOPIC VESSEL HARVESTING SYSTEM COMPONENTS 

' • Abstract of the Disclosure 
CoTDponents for an endoscopic vessel harvesting system suitable for h&ivestijig taiget 
vessels such as the saphenous vein or radial artery for cardiac artery bypass graft surgery. The 
main components of such systems include a vessel dissector and a vessel harvester, botii of 
which woxk in conjunction with a separately provided endoscope. The vessel dissector is an 
elongated cannula having a blunt t*p for separatmg layers of facial around vessels. The tip may 
be movable, and is typically transparent to permit viewing forward of the tip usir^ the 
endoscope. Internal features ofthe tip mayredace glare back to the endoscope. Seveml devices 
improve visibility through the tip by reducing interference fixma tissue or fluid on the tip. The 
vessel harvester also has an elongated cannula for receiving the endoscope. Several tools within 
the harvester permit manipulati<Hi, severing, and sealing of vessels forward of the distal end. 
The tool for manipulating vessels may have a low-profile for increased visibility of operation, 
and may be coupled to the cannula witii a damping mechanism to reduce the possibility of 
avulsion of the vessels. Various vessel cutting and sealing devices are provided that may 
accommodate various sizes of vessels and improve cutting and scaling efficacy. 
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ENDOSCOPIC VESSEL HARVESTING $YSTEM COMPONENTS 



Field of the Bivention 

|000]] The piesent invcnticm relates to suxgical deviees and me&ods for dissection and 
removal of blood vessels from a patient's body and, is parttcnlar, to endoscopic vessel 
harvesting systems, components and methods. 

10 Background of the Inventicn 

(00021 Endoscopic harvestii^ of vessels is well known in the surgical field and has been 
the subject of a great deal of recent technological advancement. Typically, the harvested vessel 
is used for bypass or as a shunt aroimd an artery tiiat ha$ dimini^ied flow from stenosis or other 
anomaly, such as in a Coronary Artery Bypass Grafting (CABG) procedure. Often in CABQ, a 

15 saphenous vein from the patient's leg is harvested for subsequent use in die suxgeiy. Other 
vessels, such as the radial artery, can also be harvested and used in iKis maimer. Vessel 
harvestiog involves liberating the vessd from surrounding tissue and transectiiig smaller side 
branches, cauterizing, tying or Hgating the vessel at a proximal site and a distal site, and then 
transecting the vessel at both sites before it is removed from the body. 

20 [0003] Known endoscopic methods and devic^ for performing vessel harvesting are 

discussed in detail in U.S. Patent Nos. 6,176,825 to Chin» et al.. Re 36,043 to Knightcm. 
6,406,425 to Chin, et al, and 6,471,638 to Chang, ct al;, all of v^ch are expressly incorporated 
herein by reference. Furthermore, various devices and ractiiods disclosed in U.S. Patent Nos. 
5,895,353 to Lunsford, et al., and 6,162,173 to Chin, et a]., and pending Patent AppUcatitm 

25 Serial No. 10/602,490 entitled ''Apparatus and Method for Integrated Vessel Ligator and 
Transectox^ are also cxprtssly incoip<«ated herehi lay reference. Also, cosmtercial vessel 
harvesting systems sold under the tradename VASOVIEW® Unipoit Pius, VASOVIEW® 5, 
VASOVIEW® 6, and VASOVIEW® 7 are available from Ouidant Onporation of Santa Claia, 
CA. 
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10004} Another version of an endoscopic vessel harvesting system is disclosed in U.S. 
Patent Publication No. 2003/0130674 to KBsahara» et aU iilcd on December 24, 2002, or and 
later updated in U5. Patent Publicstion No. 2005/0159764 also to Kasahaia, et al., filed October 
27, 2004. In these systems, various devices are uti}ize4 to first dissect a vein irom sonounding 
5 tissue and then harvest the vein. Each of the devices passes through a guide tube of a trocar 
inserted through a body sur&cc, such as disclosed in US. Patent No. 6,863,^4 also to 
Kasahara, et al., filed December 23, 2002. Certain ekments of tiiese and other related patent 
disclosures are evident in flie VirtuoS^h^ endcjscopic vein harvesting system (see, 
www.tenmio-cvs.copi/pn)ducts) marketed by Terumo Cardiovascular Systems Corp. of Japan. 
10 [0005] Despite accqyted endoscopic vessel harvesting systems and techniques, there 

remains a need for systems and components that hoQi n^ake the user^s task less ccnnpKcated and 
improve the surgical outcome. 

Summary of the Invention 
[00061 The present invention provides an endoscopic vessel harvesting system suitable 

15 for harvesting various taiget vessels that allows for simple and convenient operation in a limited 
space. The invention includes improvements to various components of vessel harvesting 
systems e^h of whidi can be used with any of the other conqMment improvements. It should be 
understood, therefore, that even if a particular combination is not explicitly described, any one 
compcHient can be used with any other component disclosed herein unless that combination is 

20 structurally impossible. 

[00071 In accordance with a first embodiment, the present invention provides a vessel 
dissector that is used in conpmction with an eixloscope, comprising an elongated cannula 
including a lumen therein for receiving the endoscope, the elongated cannula further bousing a 
passage for delivery of an insufflation gas theretiirough. Hie vessel dissector has an input for 

25 connecting to a supply of insufflation gas, the input ibeing in fluid commum*cation with tbe 
passage. A port opens near die distal end of the elongated cannula m fluid conununication willi 
the passage and out of which insufilatioo gas is expdled. A fluid barrier covers the port lhat 
permits expulsion of insufiflation gas fiom the passage withm the elongated caimula and prevents 
ingress of fluid fiom outside the elongated cannula throQgh the port to the passage. 
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|0008) The port may be foimed in &e side of th^ elongated cannula. Desirably, the fluid 
banier comprises a tubular member surnmnding the distal end of the dongated cannula and 
covering the port In one embodiment, the fluid barrier comprises a polymer shield diat closes 
off the port from the outside but is flexible so tbtt insufflation gas may escape from the passage 
S therethrough. In another embodiment, the fluid barrier comprises a gas-permeable liquid- 
resistant membrane that pemitts escape of insufflation gjas therethrough but prevents entrance of 
fluid to the passage. 

10009] The vessel dissector may further inc]ude:a transparent conical tip on a distal end 
of the elongated cannula that permits an operator of tiie dissector to dissect tissue while vievs^ 

10 intema) body structures via an objective lens of the endoscope positioned close to the blunt tip. 
The insufflation gas port may be located at the apex of the conical tip. The vessel dissector may 
also have a coupling between the distal end of &e elongated cannula and the transparent blunt tip 
and a control number extending through the elongated cannula to enable the user to angle the tip 
relative to the axis of the elongated cannula. For instance, the coupling may be an accmdion- 

15 like flexible inter&ce or sleeve, or a spherical bearing surface. 

lOOlO] In accordance with a second embodiment, the present invention provides a vessel 
dissector that is used in coiyunction with an et^bsGOjpt, comprising an elongated cannula 
including a hmricn therein for receiving the endoscope. A hollow outwardly conical transpaient 
dissecting tip on a distal end of the elongated cannula permits an operator of the dissector to 

20 dissect tissue while viewing internal body structures via an d>jective lens of the endoscope. The 
tq) comprises a structure generally arranged abcmt an axis and having an irmer wall that 
terminates at a distal end in a shape that tends to reduce glare back to ^e objective lens of the 
endoscope in comparison to a conical irmer wall that tapeis symmetrically to an apex. For 
example, the shape of the distal end of the inner wafl of the dissecting tip may be an iimer 

25 tapering surl&ce tfiat terminatBs at its distal end in a lirHi so as to form an elongated inner comer, 
an rnncr surface that tapers downward toward its distal end and terminates in a flat surface set at 
an angle from the axis of &e tip, or a backward wedge. Desirably, the dissecting tip has a tip 
diameter and the elongated cannula has a diameter adjacent the dissecting tip that is between 
about 50-75% of the tip diameter. 
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fOOll) In a more robust system^ the vessel dissector may also include a vessel holding 
tool extendi]^ through the elongated cannula and adapted for longitudinal movement therein, 
and a vessel seveiing tool such as a tissue welder exto^di^g through the elongated cannula and 
adapted for longitudinal movement thmtn. In this embodiment, the dissecting tip includes 
5 apertures for passage of the vessel holding tool and the vessel severing tool Preferably^ both the 
vessel holding tool and tiie vessd severing tool dock into recesses in the disscctmg tip and have 
exterior shapes that conform to the com'cal exterior of tiie dissecting tip so as to match its shape. 

[0012] In accordance with a third embodiment, the present invention provides a vessel 
dissector that is used in conjunction wift an endoscope. The vessel dissector is (kfined by an 

10 elongated cannula including a lumen therein for receiving &e endoscope. A transparent bhmt tip 
on a distal end of ^ elongated cannula pennits an operator of the dissector to dissect tissue 
while viewing internal body structures via an objective lens of the endoscope. A wiper clean 
tissue from the exterior of the transparent blunt tip. The wiper may be arranged on the elongated 
cannula to pivot about an axis to ahemately contact and- disengage from the transparent bhmt tip, 

15 and a mechanism for rotating the blunt tip. Alternative^, the wiper is arranged on the elongated 
cannula to contact the blunt tip and swivel about the axis of the device. Still further, the wiper 
may be an 0-ring wiper fitted over the blunt tip and connected to an actuation rod that displaces 
tiie Coring wipw longitudinally to wipe over the bhmit tip. In one embodiment, the wiper is 
arranged on the elongated cannula to contact the blunt tip ai^ has an energized catting electrode 

20 thereon to remove tissue via ablation. Prefmbly, a Imndle disposed at a proximal end of the 
elongated cannula has a thumb lever thereon connected to an actuating rod for displacing the 
wiper relative to the transparent blunt tip and clearing tissue therefrom. 

{00131 In accordance with a fourth embodiment, a vessel harvester used in conjunction 
with an endosco];)e comprises an elongated cannula including a lumen therein for receiving the 

25 endoscope, and a vessel holding tool extending through the elongated cannula and adapted for 
longitudinal movement therein. A distal end of the vessel holding tool includes a vessel hook 
and a locb'ng member used to capture a taigct vessel, wherein &e hook is open on one side and 
extension of the locking member closes the open side so that the taiget vessel is completely 
surrounded and captured thereixL A vessel severing tool extends throug}) the elongated cannula 

30 f<x longitudinal movement therein, and has a distal operative end with structure for severing a 
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target vessel. The vessel holding tool includes a suppo]$ rod that extends through the elongated 
cannula and which is configured to angle laterally at a location close to the distal end of (he tool 
to enable lateral vessel manipulation and improve positioning of the vessel severing tool relative 
to the target vessel. 

[00141 Desirably, the support tod is bent out of a plane in \v1uch tte support rod lies at a 
location close to the distal end of the vessel holding tool such that the distal end angles cither 
toward or away from the vessel severing tool The support rod may be flexible such that the 
bend is retracted into the cannula and distal extension of the vessel holding tool fixnn the end of 
the elongated cannula displaces its distal end laterally. A flexible support rod may be 
surrounded by a rigid hypotube also adapted for longitudinal movement wilJi respect to the 
cannula, wherein extension of both the support rod and hypotube ftom the caimula and then 
retraction of the hypotube from around the support rod angles the vessel holding tool, 
Aheinatively, the support rod is bent out of a plane in which the support rod Hcs at a location 
close to the distal end of tfie vessel holding tool using an active angling nrtechanism controlled 
from a proximal end of elongated cannula. 

[DD151 The vessel hook of the vessel holding tool may include a blunt t^>ered distal 
dissecting surfece for bhmt dissection of tissue. Further, the vessel boolc of the vessel holding 
tool defines a space tberem for receiving a target vessel, and the locking member msy be shaped 
as a large wedge to reduce the space wiliun ftc open vessel hook by about 50% and includes a 
tapered leading edge that helps prevent pinching of the target vessel as the locking member 
extends. 

10016] In accordance with a fifth embodinoent, the present invention provides a vessel 
harvester that is used in conjunction with an endoscope, comprising an ckmgated cannula 
inchiding a hmtn therein for receiving the endoscope. A vessel severity tool extends through 
the elongated caimula for longitudinal movement therein, the severing tool having a distal 
operative end with structure for severing a target vessel. A vessel holding tool also extends 
through the elongated cannula for longitudinal movement therein and has a single support rod 
that extends thnmgji the elongated cannula and a distal end with a vessel hook and a locking 
member used to capture a target vessel and manipulate it to present a side branch of the target 
vessel to the vessel severing tool. The hook is open on one side and extension of the locking 
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member closes the open side so that the target vessel is completely smrounded and captured 
therein. The locking member extends concentrically frpm the single support rod on one latend 
side of the vessel hook, the single support rod therefore reducing endoscopic viewing 
impediments relative to more than one support rod. 
5 {0017] The support rod may be configured to angle laterally at a location close to Ihe 

distal end of ihc tool to enable lateral vessel mampulatioD and improved positioning of the vessel 
severing tool relative to the target vessel. Desirably, the vessel hook of the vessel holding tool 
includes a blunt tapered distal dissecting surface for blunt dissection of tissue. 

|0018] In accordance with a sixth embodiment, the present invention provides a vessel 
10 harvester that is used in conjunction with an endoscope, con^rising an elongated cannula 
tnchiding a hunen therein for receiving the endoscope. A vessel severing tool extends through 
the elongated cannula for longjtudina] movement dierein» the severing tool having a distal 
operative end with structure for severing a target vessel. A vessel holding tool also extends 
through the elongated cam)ula for longitudinal movement theieoL Hie vessel holding tool has a 

15 support rod that extends throu^ the elongated cannula and a distal end with a vessel hook and a 
locking member used to capture a target vessel and manipulate it to present a side branch of the 
target vessel to the vessel severing tool. The book is open cm one side and extension of the 
locking member closes the open side so lhat the targiet vessel is completely surrounded and 
captured therein.. The distal end of the vessel holding tool including the hook and locking 

20 member are constracted of a thin wireform for reduced impediment to endoscopic viewing. 
Preferably, the thin wireform is formed of metal or plastic wires having a thickness of between 
about 0.5 mm and 1 .0 rrmi. Desirably, the support rod is configured to angle laterally at a 
location ckjse to the distal end of the tool to enable lateral vessel manipulation and improved 
positioning of the vessel severing tool relative to the target vessel. 

25 [D019J In accordance with a sevcnA embodiment, the present invention provides a vessel 

harvester that is used in conjunction with an endoscope, comprising an elongated cannula 
including a lumen therein for receiving the endoscope. A vessel severing tool extends through 
the elongated cannula for longitudinal movement therein, the severing tool having a distal 
opcratjve end with structure for severing a target vessel. A vessel holding tool also extends 

30 through the elongated cannula for longitudinal movement therein. The vessel holding tool has a 
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support rod that extends through the elongated cannula and a distal end with a vessel holder used 
to oiptuie a target vessel and manipulate it to present ^ side branch of the target vessel to the 
vessel severing tool A damped sHp mechanism provided around the support rod of the vessel 
holding tool permits relative nK>vem^ between the cannula and die support rod if the vessel 
holder catches on any body structure and generates a reaction force in the support rod in 
q^position to movement of the cannula. For instance, the damped sbp mechanism comprises a 
friction collar sunbunding the support rod, or a piston/cyiindcr/spring amngement that couples 
movement of the support rod and caimnla. 

[0020] In a preferred embodiment wherein the vessel bold^ of the vessd holding tool is 
open on one side and defines a space therein for recdtxng a target vessel A locking member 
moves to close the open side of the holder so that the ta^et vessel is completely surrounded and 
captured tiierein. The locking member is shaped as a latge wedge to reduce the space within the 
open vessel holder by about 50% and includes a tapered, leading edge that helps prevent pinching 
of iht target vessel as the lockh^ member moves. Also, the vessel holding tool has improved 
visibility by virtue of a single support rod that extends through the elongated cannula, whercm 
the locking member extends concentrically from the sir^gle support rod on one lateral side of the 
vessel holder, the single support rod therefore reducing endoscopic viewing im|>ediments 
relative to more flian one support rod. Desirably, the distal end of the vessel , holding tool 
including the holder and locking member aic consttucted of a thin wireform for reduced 
inqpediment to endoscopic viewing. 

[0021) In accordance with an eighth embodiment, the present invention provides a vessel 
harvester that is used in conjunction with an endoscope, comprising an elongated cannula 
inchiding a lumen therein for receiving the endoscope. A vessel severing tool extends through 
the elongated cannula for longitudinal movement therein, the severing tool has a distal operative 
end with an open mouth for receiving a target vessel that automatically accommodates widely 
varying sizes of vessel, and a severing device associated with the mouth- A vessel holding tool 
extends through the elongated cannula for longitudinal movement Aerein, the vessel holding 
tool having structure used to cs^ture a target vessel and manipulate it to relative to the vessel 
severing tool The mouth of the vessel severing tool preferably accommodates vessels having 
diameters that range from between 0.5 and 1 .0 mm. 
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[0022] In one embodimeat, the mcmih has facing vessel contacts that flex apart upon 
recetving a vessel therebetween. The severing device roay have bipolar electrodes dispo^ to 
contact a target vessel received within the mouth. For instance, the bipolar electrodes comprise 
wire clecttodesanai^ed in a crossing pattonm the mouth. In another version, the moolh has a 
stepped shape with several progressively snmller intermediate gaps having generally parallel 
sides that provide regions of constant width snr&ce contact with the vessel. The intermediate 
gaps may have widdis in decreasing xncmnents of li) mm. The severing device may be a 
mechanical cutter disposed transverse to a target vessel received within the moinh. For efficacy, 
a fhnd conduit terminates close to the distal opemtive end of the vessel severing tool and is 
adapted to deliver a Huid jet to knock away tissue that rnay stick to the distal operadve end. 

(0023) The vessel severing tool may be connected to a control rod and located within an 
arcuate slot formed ro the elongated caimula» the control rod being capable of translating the 
distal operative end laterally within the arcuate slot as well as longitudinally. The mouth of the 
vessel scvermg tool may open to one side of the distal operative end The vessel holding tool 
may includes a support rod that extends through die elongated carmula and is bent out of a plane 
in which the support rod lies at a location close to the distal end of the vessel holding tool such 
that the distal end angles either toward or away firom tilie vessel severing tooL 

[0024] In accordance with a mnlh embodiment, the present invention provides a vessel 
harvester that is used in conjunction with an endoscope^ comprising an elongated cannula 
including a lumen therein for receiving the endoscope. A pair of partial tubular vessel shields 
extend from the cannula and define a lumen sized to receive a target vessel, the partial tubular 
vessel shields defining gaps therebetween sized to receive a side branch extending irom the 
taiget vessel. A tubular cutting clemoit sized to surround the partial tubular vessel shields and 
axially displaceable from the cannula, advances to sever any side branch received within the 
gaps while the partial tubular vessel shields protect the target vessel from the severing operation. 
The vessel severing tool may be a tubular knife blade. A fluid conduit terminating close to the 
partial tubular vessel rfiields may be ad^tcd to deliver* fluid jet to knock away tissue that may 
stick to the vessel shields. 

[0025] In accordance with a tenth embodiment, the present mvention provides a vessel 
harvester that is used in conjunction with an endoscope^ comprising an elongated cannula 
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including a lumen therein for receiving the endoscope. A pair of foik-^aped vessel sealing 
electrodes having tines are spaced laterally apart so as to create a g^ therebetween. A vessel 
capturing mandible moves within the gap between the electrodes to capture a taigct vessel 
positioned between the tines. A sevenng blade moves within the gap and sever the target vessel. 
5 Desirably, the vessel capturing mandible has a senated distal finger to securely capture the target 
vessel within the tines. Both of the vessel capturing mandible and severing blade may have 
control rods and angled proximal surfaces that cam against a distal end of the elongated cannula 
and displace them toward one another upon proximal retraction of the control rods. A fluid 
conduit terminating close to the fork-shaped vessel sealing electrodes may deliver a fluid jet to 
10 knock away tissue that sticks to the sealing electrodes. 

(0026] A further understanding of the nature and advantages of the present invention arc 
set forth in the following description and claims, particularly when considered in conjunction 
with the accompanying drawings in which like parts bear like reference numerals. 



15 Brief Description of tfie Drawings 

100271 Features and advantages of the present invention will become appreciated as the 
same become better understood with reference to the specification, claims, and appended 
drawings wherein: 

[0028] Fig. I A is a perspective view of an endoscopic vessel dissector of tiie prior art; 
20 [0029] Fig. 1 B is a perspective view of an endoscopic vessel harvester of the prior art; 

10030] Fig. IC is a perspective view of an access trocar of the prior art; 

[0031] Figs. 2A and 2B are side views of the distal end of alternative vessel dissectors of 
the present invention including articulated dissecting tips; 

[0032] Fig. 3 is a side view schematically illustrating the possible path of bodily fluids 
25 into the prior art endoscopic vessel dissector of Fig. 1 A; 

[0033] Figs. 4A and 48 are side views of the distal end of alternative vessel dissectore of 
the present invention inchiding structures for inhibiting ingress of bodily fluids into the dissector 
cannula; 

[00341 Fig. 5A is a schematic side view of an endoscopic vessel dissector of the prior art 
30 passing through body tissue; 
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f D035] Fig. 5B is a schematic side view of an endoscopic vesse] dissector of the present 
invention having a narrowed cannula for easier passage through body tissue; 

(0036J Figs. 6A-6C are longitudinal sectional views through alternative transpaient 
conical tips for use with endoscopic vessel dissectors of the present invention; 
5 [0037J Fig. 7 is a schematic sectional view of the distal end of an ahcmative endoscopic 

vessel dissector of the present invention which incorporates tools for harvesting vessels; 

[00381 Fig. 8 is a perspective view of an endoscopic vessel dissector of the present 
invention having a wiper blade for clearing the distal tip; 

[00391 Figs. 9 and 10 are perspective views of the distal tip of two alternative endoscopic 
10 vessel dissectors of the present invention both having tip wiping capabilities; 

ID040I Figs. 11 A and 1 IB are schematic side views of an endoscopic vessel harvester of 
the prior art showing vessel holding and severing tools extended from the distal end of a 
cannula; 

I0D411 Figs, I2A and 12B are schematic side views of an endoscopic vessel harvester of 
1 5 the present invention showing vessel holding and severing tools extended from the distal end of 
a cannula wherein the vessel holding tool translates laterally for better vessel retraction; 

10042] Fig. 13 is a schematic side view of an alternative endoscopic vessel harvester of 
tfie present invention wherein a vessel holding tool includes a dp angled toward die vessel 
severing tool; 

20 [00431 Figs. 14A-I4C are several views of the transverse displacement of an alternative 

vessel holding tool from an endoscopic vessel harvester of the present invention; 

[0044] Figs. 15A-15B arc side and perspective views of an alternative vessel holding 
tool of the present invention having one connecting rod; 

[0045] Figs. 16A-16B are side and perspective views of a low profile vessel holding tool 
25 of the present invention formed of thin wire; 

I004fl Figs. 17A-17B are partial sectional views of alternative vessel holding tools of 
the present invention incorporating a mechanism for preventing vessel avulsion; 

I0047J Fig. 18 is a side view of the distal end oif an alternative vessel holding tool of the 
present invention having an enlarged locking member for better positioning of the vessel; 
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[0048] Figs. 19A and 19B are schematic views ;of an altemadve vessel seveiing tool of 
the present invention having wire electrodes extending into an enlarged vessel-receiving gap; 

10049) Fig. 20 is a schematic view of an alternative vessel severing tool of the present 
invention having a stepped vessel receiving gap; 

[0050] Figs. 21A-21B m two side views of a vessel severing tool of &e present 
invention having movable jaws; 

[0051] Fig. 22 is a side view of a vessel severing tool of the present invention having 
rotary blades incorporated therein; 

(0052] Figs. 23A-23B are two side views of a vessel severing tool of the present 
invention having a movable blade; 

I00S3J Fig. 24 is a schematic view of a vessel severing tool of the present invention 
having a system for clearing tissue therefrom using gas jets; 

[0054) Figs. 25A-25B are front and top section views, respectively, of an alternative 
vessel severing txx)l of (he present invention capable of translating transversely as well as 
longitudinally; 

10055) Fig. 26 is a schematic fiont view of an alternative vessel severing tool of the 
present invention havmg a tubulu- cutting element surrounding a tubular primary vessel shield; 

[0056] Figs. 27A-27B are side elevational and top plan views, respectively, of a further 
alternative vessel severing^sealing tool that incorporates a movable mandible for c^turing a 
vessel and a mechanical blade for severing it; 

10057] Figs. 28A-28B are two schematic views of a side-opening vessel severing/sealing 

tool; 

[0058] Fig. 29 is a longitudinal endoscopic view showing the use of the tool in Figs. 
28A-28B; and 

[0059] Fig. 30 is a top plan view of an alternative severing tool having a ring and 
concentric coil bipolar electrode structure. 

Detailed Description of the Preferred Embodiments 
[0060] The present application provides a number of improvements to prior art vessel 
harvesting systems. The disclosures herein of various component parts of vessel harvesting 
systems should be viewed with the presumption &at each can work in combination with other 
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components ankss stated as being mutually exchisiva fat example, the various endoscopic 
vessel dissectDis described hcrdn may be otilizBd in pombination with any of &c endoscopic 
vessel harvesters. Moreover, any single one component improvement described herein may be 
incorporated into any existing vessel harvesting system, again, unless the structures or functions 
5 are mutually exchisive. 

PRIOR ENDOSCOPIC VE SSEL HARVESTING SYSTKM 

100611 TTic three primary corrqwnents of an exemplary prior art vessel harvesting system 
ait seen in the sqjarate views of Figs. lA-lC. This particular system is representative of one 
type of prior art vessel harvesting systems, and many of the improvements described herein will 
be dcsCTibed with direct reference to it Howcvcr.as will be understood by one of skill in the art, 
any one single improvement to a subcomponent of the vessel harvesting system may, in most 
cases, be incorporated into other such systems. More important, if any single imprx>vcment(s) 
art independently claimed, the appKcation should not be construed as hemg limited to the 
system shown in Figs. lA-lC, That said, the exemplary prior art system includes an endoscopic 
dissector 20 in Fig. 1 A. an endoscopic vessel harvester 22 seen in Fig. IB, and an access trocar 
24 seen in Kg. 10. 

[00621 The endoscopic dissector 20 includes an elongated tube or cannula 30 extending 
between a distal conical tip 32 and a proximal handle 34. A bcIl-shapcd port 36 on a proximal 
end of the handle 34 receives a conventional medical endoscope 38 which may be fitted with an 
optical conncctOT 40. Although not shown, the elongated shaft of the endoscope 38 extends 
through the entire length of the dissector 20 such that a viewing end terminates in proximity to 
the conical tip 32, v/tdch is typically transparent It should be understood that vessel harvesting 
systems are typically disposable and are packaged and sold separately from the endoscope which 
is typically reused. In all cases, however, these endoscopic vessel harvesting systems are 
designed to accommodate and functi<m wiA a conventional endoscope, and are therefore 
claimed accordxngty. 

lOOOJ Tubing 42 supplies insufflation gas into an input within the handle 34 Aat opras 
into an elongated passage within the cannula 30 in communication witii a distal egress port 44. 
in use, the user inserts the distal tip 32 and cannula 30 into the body through an access device 
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such as the trocar 24 seen in Fig. IQ and into proxiniity with a target vessel, such as the 
saphenous vein in the leg. By pushing the conical tip 32 along tfie target vessel under 
endoscopic vision, &e user is able to grossly dissect connecting tissue from around the vessel. 
InsufiHation gas forced out of the distal pon 44 pressurizes the dissected cavity and facilitates 
5 viewing and further dissection. After a desired length of target vessel has been separated from 
surrounding tissue, the dissector 20 is removed from the patient 

[0064] Subsequent to vessel dissection, the vessel harvester 22 is inserted through the 
access trocar 24 and into the dissected cavity around the target vessel The vessel harvester 22 
also includes an elongated tube or caimula 50 extending between an opoi distal end 52 and a 
10 proximal handle 54. Again, a convendonal endoscope 38 snaps into a proximal bell-shaped port 
56 that includes an axial slot 58 to receive the peipendicularly-extend i ng optica] connector 40. 
As with the dissector 20, the elongated shafi of the endoscope passes entirely through the 
cannula 50 and terminates at a viewing end or objective lens 60 close to the open distal end 52. 
10065] The harvester 22 further includes tools to sever side branches from the target 
15 vessel while simultaneously clodng them ofT to prevent bleeding. For instance, a holdrag tool 
62 may be used to manipulate the target vessel so that a severing and sealing tool 64 haa clear 
access to the various side branches. Each of these tools may be manipulated by controls 66 
provided in die handle 54. One of the controls 66 is a thumb lever thumb lever that connects to a 
wiper blade at the distal end of the elongated cannula 50 for clearing the objective lens 60 of the 
20 endoscope. To fadlitate the harvesting operation, an insufflation system inchiding tubing 68 
may be provided so that gas may be passed out the c^en distal end 52 of the cannula 50. Also, 
electrical wires 70 connect to die handle 54 to provide energy for a coagulator incorporated into 
the severing and sealing tool 64. It should be understood that as generally described so far, these 
components of the prior art vessel harvestmg system are well known in the an, the present 
25 appUcation dealing with improvements thereto. 

[0066] The third main component of the harvesting system is the access trocar 24 seen in 
Fig. IC. In this embodiment, the trocar includes a noain access tube 70 having an angled distal 
tip 72 and a proximal housing 74. Although not shown, an inner seal such as a diaphragm seal 
may be incorporated within the housing 74 to provide a g8S-lig))t interface with the dissector 20 
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or harvester 22 that passes through die trocar 24. The niain access tube 70 extends through an 
incision in the body and a spring-biased clip 76 secures ihe trocar thereto. 

IMPROVEMENTS TO DISSECTION FUNCTION 
5 (00671 Fig. 2A shows the distal end of an alternative vessel dissector 80 of the present 

invention including an articulated dissecting tip 82. The tip 82 connects to an elongated cannula 
84 via an accordion-like flexible interface or sleeve 86. A pair of pull wires 88 extends through 
the cannula 84 and attaches to points on opposite sides of the dissecting tip 82. By manipulating 
the puU wires 88, the user can angle the generally cwiical tip 82 in cidier direction wi^in a 
] 0 plane, relative to the axis of the elongated cannula. By rotating the entire cannula 84, a fiill SSO** 
range of tip movement is obtained. The flexible sleeve 86 acts like a compression spring and 
tends to revert the tip 82 back to an axial alignment when pull forces are released 

(006S1 Fig. 2B is another alternative vessel dissector 90 having an articulated dissecting 
tip 92. As with the dissector 80, the tip 92 connects to the distal end of an elongated cannula 94 
15 in a manner that enables it to be angled within a plane with respect to the cannula. In this 
embodiment, a spherical bearing surface 96 provides the interface between the tip 92 and 
cannub 94. A pair of pull wires 98 connected to the tip 92 enables the user to angle the tip as 
desired, A flexible spine of sorts (not shown) may also be provided to provide a force that 
restores the axial alignment of the tip 92 when pull forces are released. 
20 [0069] Fig. 3 is a side view schematically illustrating the possible path of bodily fluids 

into an existing endoscopic vessel dissector 100 that includes one or moie ports 102 near its 
distal end for insufflation of gas such as CO2. That is, a passage is provided within the cannula 
of the vessel dissector 100 to deliver gas horn a proximal end thereof to the ports 112. If fluid is 
permitted to enter the cannula through the insufflation ports 102, it may eventually migrate to 
25 within the transparent distal tip and interfere with endoscopic viewing there&om. 

(00701 Fig. 4A ilhjstratcs the distal end of an alternative vessel dissector 1 10 of the 
present invention including a small fluid banier 1 12 extending proximally bom the distal tip 1 14 
for inhibiting ingress of bodily fluids into insufflation ports 1 16 formed in the side of the 
dissector cannula. The fluid barrier 1 12 in this embodiment comjMrises a tubular shield which 
30 can be formed from relatively thin medical plastics. The fluid barrier 1 12 is desirably flexible 
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enough to pennit gas egress fiom the ports 116 while pieventiiig liquid or solid ingress, much 
like a reed valve. 

[0071] Fig. 46 shows an altemative vessel dissector 120 having an alternative fluid 
banicr 122 surrounding the distal end thereof near the distal tip 124. The fluid barrier 122 in 
this etnbodirrienteotniirises a tubular pofoosrnetnbrane that CQ^^ 126 
in the side of the dissector cannula so that liquid or solid is prevented from entering tiiough gas 
can exit The membrane 122 is any medically suitable gas-permeable liquid-resistant barrier 
such as cPTFE made by WX. Gore 

10072] In a further embodiment, the port from which insufHation gas is expelled is 
located not on the cannula body, but on a dissecting tip secured to the distal end thereofl For 
example^ ihe dissecting tq» 82, 92 of Fig. 2Ay2B may feature a port from which gas escapes into 
the surrounding tissue cavity, Alternatively, a transparent conical tip 32 as in Fig. 1 A may have 
a port formed at the distal apex. In each of these alternatives, a fluid barrier desirably fills or 
coveis the port to pievent hqind or solid ingress^ while pemiitting g^ Fonning tiie port 

on the dissecting tip may be advantageous because the gas is expelled fkrther distally, and a 
selection of different tips as desired may be coupled to a generic cannula. 

[0073] Fig. 5A is a schematic side view of an endoscopic vessel dissector 100 of the 
prior art passing tirrongh body tissue 1 04. InsufOation assists in maintaining the dissected cavity 
or tunnel, though there may be friction between tissue and the following cannula 106 because of 
its equal size relative to the dissecting tip 108. 

[00741 To help facilitate passage of the cannula through tissue, an endoscopic vessel 
dissector 130 of the present invention seen in Fig. SB includes a narrowed cannula 132, at least 
adjacent to a dissecting tip 134 and descnd>ly along its entire length. The caminia 132 has a 
diameter that is smaDcr Aan the diameter of tfie dissecting tip 134, and preferably between about 
50-75% of the diameter oif the dissecting tip 134. A narrow cannula proximal to the dissecting 
tip improves maneuverability and reduces shaft friction within the dissected tunnel. 

(0075) Figs. 6A-6C are longitudinal sectional Views through alternative transparent tips 
for use with endoscopic vessel dissectors of the presciit invention* Prior transparent dissection 
tips, such as seen in U^. Patent No. 5,980,549 to Chin, ct al., include a hollow interior with a 
front wall taperii^ to a sharp poin^ or apex. The outer profile retains a more rounded, blunt 
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configuiation for atraumatic dissection. The sharp inner apex helps remove a spot of distortion 
in tiie center of fte visual field. 

[0076] In addition to distortion, some conical blunt dissection tips made of clear 
materials leilect tight from the Hght fibexs back to the objective lens of the endoscope. To 
address this need, a genemlly conical dissection tip 140 in Fig. 6A inchides an inner tapering 
surface 142 that terminates at its distal end in a line 144 so as to form an elongated iimer conier» 
or reverse wedge shape. This configuration works to reduce glare back to the otgective lens of 
the endoscope. In Fig. 5B, a dissection tip 146 includes an inner sur&ce that tapers downward 
toward its distal end and tenmnates in a flat surface 148 set at an angle from the axis of the tip 
146. In this case, incident fight is reflected away from the objective lens» whidi is typically 
placed along or near the axis of the tip or dissector cannula. Finallyi Fig. 6C illustiates a 
dissection tip ISO having an mtemal taper &at ends at its distal-most extent in a backward 
wedge. This shape helps deflect lig^t from the fibers outward as opposed to directly backward, 
thus reducing glare or reflection. All of these shapes have the effect of reducing incident glare 
from the light fibers back to the objective lens of the endoscope, thus improving the user's view. 

[0077] A common technique for vessel harvesting is to provide a separate vessel 
dissector and vessel harvester, with the devices being inserted one at a time in the body, typically 
through Ac access trocar. Such is the configuration of ftit system in Pigs. lA-lC. However, it 
is conceivable tlmt the dissecting and harvesting functions can be combined into a single device 
to save time. For instance. Fig. 7 schematically illustrates the distal end of an integrated 
endoscopic vessel dissector/harvester 160 of the present invention having a blunt dissecting tip 
162 with apertures or recesses for the harvesting tools. More particularly, a vessel holding tool 
164 includes a tapered outer sui£»ce to match the dissecticm tip 162 aiKl is stationed within a 
recess therein. Likewise, a vessel severing tool 166 having an outer surface that conforms to the 
dissection tip 162 is retracted into a siim'lar recess. Each of the vessel holding tool 164 and 
vessel severing tool 166 docks into recesses in the dissecting tip and has an exterior shape that 
conforms to the conical exterior of the dissecting tip so as to match its shape. The distal end of 
an endoscope 168 is seen extending wi^ the clear dissection tip 162. For dissection, the tools 
164, 166 are retracted to conform to the conical tip 162. ITien, by manipulating the vessel 
holding tool 164 and vessel severing tool 166 (such as by axial and rotational movement), 
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selected side branches or primaiy vessels may be severed and scaled inimediatety after a section 
of tunnel around the primaiy vessel has been dissected. The vessel dissector/harvester 160 is 
therefore advanced in stages along the prinmiy vessel petfonning botii dissection and side 
branch management 

[0078] Another configuration that is contemphited to combine the functions of the tissue 
dissector and vessel baivestei is to provide a dissection tip that can be detached from a cannula 
which contains harvesting tools. For example, any of die conical tips seen in Figs. 6A-6C may 
be separable from a cannula that houses any of the harvesting tools described below. With such 
a system the user may alternate between dissection in Kgation-transection as desired. 
Fuithermore, such a detachable conical tip may include an opening theredirough to permit CO2 
insufflation. Following dissection, the cooc is dctadied and insufOation may continue tfirough 
the open end of the cannula. Another alternative is to provide a teftier connecting the removable 
conical tip to the cannula. In tiiis way, the tip can be detached the remains in close proximity to 
the distal end of the cannula for reattachment if desired. 

[0079] Occasionally, fatty or other tissue sticks to the (Hitside of the conical dissecting 
tip and prevents clear visualization therethrough. Fig. 8 is a perspective view of an endoso^c 
vessel dissector 170 of &c present invention having a wiper blade or finger 172 for clearing the 
distal dissecting tip 174 of tissue. In this embodiment, the wiper blade 172 pivots about an axis 
]76atthebcginniQgof thcdissoctmg tip 174, or end of the cannula 178. An actuating rod 180 
controlled by a thumb lever 182 connects to the wiper blade 172 and permits the user to 
alternately retract and engage the blade with the exterior of the dissecting tip 174. The tip 174 
rotates about the axis of the cannula 178 when the usor turns a knob 184 at the proximai end of 
the device. The wiper blade 172 may be rigid or include a lesihent scraper much like a vehicle 
wiper blade. Various structural details of this arrangement are left out but are well within those 
skilled in the art of medical device design. likewise, alternative arrangements are contemplated, 
such as diose shown xn'Figs. 9 and 10. 

[0080] Figs. 9 and 10 are perspective views of the distal tip of two alternative 
endoscopic vessel dissectors of the present invention both having tip wiping capabilities, the 
dissector 190 in Fig. 9 is similar to the dissector 170 of Fig. 8 in that it inchides a wiper blade or 
fmger 192 for clearing tissue from d>e conical dissecting tip 194. Instead of the tip rotatmg, 
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however^ the blade 192 swivels about the axis of the derice, such as through its coimcctioii with 
a rotating outer sleeve or shaft 196 of the elongated device. Again, details of the actuation of the 
shaft 196 arc not shown, but arc easily boirowed or smnrised from existing devices. Fig. 10 
illustrates a dissector 200 fitted with an 0-ring wiper 202 over its conical dissecting tip. An 
5 actuation rod 204 displaces the O-ring wiper 202 longitudinally to wipe clean the dissecting tip. 
The O-ring wiper 202 may be formed as a loosely-wound metal or plastic spiral to facilitate 
expansion and contraction around the tip. Of course, there are numerous other configurations of 
wipers that may be displaced over the dissecting tip, the present application only illustrating an 
exemplary selection. 

1 0 10081] A further alternative to the tip wiping devices in Figs. 8-10 is to add an energized 

cutting electrode to Ae wiper blade to remove tissue via ablation. That is, instead of or in 
addition to an inert rigid or resihent blade, a wire or bar. electrode may be incorporated to enable 
clearing of more stubborn tissue via electrocautery. Although a specific structure is not shown, 
the reader will understand that any of the wiper elements shown in Figs, 8-10 may represent 
15 such an energized wiper. 

[0082] Still further, any of the conical tips illustrated herein, including the simple prior 
art tip seen in Fig. 5A, may be fitted with a system for clearing adhered tissue using fluid 
expelled from the cannula. For example, an annular opening or a series of separate 
circumfcrcntially-spaced openings may be provided between the conical tip and cannula, and 
streams of saline expelled from the openings to knock 'tissue off the tip. Saline is particularly 
suitable, although other fluids such as jets of CO2 gas maybe used. The design intent would be 
to port the fluid so that it flowed distally along the surface of the cone using the Coanda effect in 
which a stream of fluid or gas will tend to hug a convex contour when directed at a tangent to 
that surface. 

IMPROVEMENTS TO VESSEL HOLDING FUNCTION 

[0083] Once the target vessel has been exposed, such as with dissection along its length, 
endoscopic vessel harvesting involves passing an elongated device under visualization along the 
vessel to sever and seal side branches. As mentioned above, numerous such systems are 
currently available, including the system seen in Fig. lA-lC. In that system, a vessel holding 
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tool manipulates the taiget vessel such that the side branches are positioned in front of a severing 
and seating tooL It is important to present both the sidie branch and tai;get vessel clearly so that 
the user does not accidentally cut the target vessel instead, of the side branch. Also, it is 
desirable to retract the target vessel so that the side branch can be cauterized as fai away from 
S the target vessel as possible, to minimize risk of damage to the vessel from the cautery tool 
(thermal spread). 

[0084] Figs. I lA and 1 IB are schematic side views of an endoscopic vessel harvester of 
the prior art showing a vessel holding tool 210 and a complementary severing tool 212 axiaUy 
extended from the distal end of a cannola 214. The holding tool 210 typically has a hook or 
10 other capturing feature for holding a primary vessel 216. As the device advances, side branches 
218 are encountered and the system is manipulated to place them in line with the severing tool 
212. There are certain drawbacks to this arrangement, in particular the linear extension of die 
tools 210> 212, rendering them somewhat awkward to maneuver for proper positioning of the 
side branches 2 18. 

15 |0085] Figs. 12A and 12B are schematic side views of an endoscopic vessel harvester 

220 of the fHcsent invention showing a vessel holding tool 222 and a severing tool 224 extended 
from the distal end of a cannula 226. To more easily accomplish straightening of the side 
branches 218 in line with ibe severing tool 224, the vessel holding tool 222 translates laterally. 
As seen in Fig. 12B, the effect of angling the holding tool 222 radially outward is to facihtate 

20 advancement of the tool along the primary vessel 2 1 6 as well as to straighten the side branch 2 1 8 
for more effective cutting with the severing tool 224. A comparison of Figs. IIA and 12A 
shows the increase in spacmg between the holding and severing tools, which exposes a greater 
length of side branch. The holding tool 222 can be displaced laterally as shown by simply 
mounting it on a curved or bent actuation rod, or via aii angling mechanism, not shown. In the 

25 case of a curved or bent support rod, the rod may be flexible so as to retract within the cannula, 
and the farther the tool 22 extends the greater the lateral displacement. In general, the vessel 
holding tool 222 includes a support rod that extends through the elongated cannula 226 and 
which is angled or is configured to angle laterally at a location close to iht distal end of the tool. 
(0086] Fig. 13 is a schematic side view of an alternative endoscopic vessel harvester 230 

30 of the present invention wherein a vessel holding tool 232 includes a tip angled toward the 
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vessel severing tool 234. In this way, ihc holding tool 232 can position the primary vessel 216 
in line with the severing tool 234. Ultimately, fte primary vessel 21 6 wiD be severed at at least 
one end after having been separated torn its connecting side branches. The holding tool 232 
facilitates tfiis step. It is conceivable that the harvesters 220 and 230 can be combined such that 
5 the vessel holding tool may alternately be angled away torn the sevwing tool, as seen in Fig. 
12A, and toward the severing tool, as seen in Fig. 13. In other words, an articulating vessel 
holding tool may be provided that has a support rod extending through the cannula which is 
configured to articulate laterally at a location close to the distal end of the tool and enable 
diffeient angulations depending on the situation. 

(00871 Figs. 14A-14C are several views of theitransverse displacement of an alternative 
vessel holding tool 240 upon extension from the cannnla 242 of an endoscopic vessel harvester 
of the present invention. In this embodiment, the holding tool 240 mounts on the end of an 
elastic wireform 244 having a bend 246. When retracted, the wirefonn 244 straightens within 
Ihc dcHvcry channel 248. As the tool is extended, the bend 246 eventually clears the end of the 
channel 248 causing lateral displacement of the holding tool 240. 

100881 Another way to enable angling of the distal end of the vessel holding tool is to 
provide a flexible support rod or wirefonn and suiround it with a rigid hypotube. Both 
stnictures may longitudinally extend from the mouth of the cannula, and then retraction of the 
hypotube from around the wireform angles the vessel holding tool. In this embodiment, greater 
maneuverability of the vessel holding tube is provided as it may be angled at various axial 
locations rather than immediately as it exits the cannula. 

10089] In a further advantageous feature, the vessel hook of the vessel holding tool may 
incorporate a tapered blunt distal dissecting surface for blunt dissection of tissue. The tenn 
"blunt" surface in this context means one without sharp points or comers and with some degree 
of taper to fadlitatc division or partition of tissue planes. For example, the conical tips described 
herein arc considered blunt, and as a rule do not have sharp points. The more rectilinear tissue 
holders of the prior art, however, are too blunt and not well suited for tissue dissection. 

[00901 It is very important to mininiizc obstructions in Ae field of view - the more the 
device blocks the usei^s view of the tissue, the greater the risk of avulsions and cautery mistakes. 
Figs. 15A-15B are side and perspective views of an alternative vessel holding tool 250 of the 
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present ravcndon that bas a lower profile than previous tools and thus provides greater visibility 
of its operation. With refcrcncc back to Fig. IB, the hoMmg tool 62 of the prior art inchides two 
rods or supports that extend distally from the cannula 50. These two rods present solid viewing 
obstacles interposed between the endoscope objective lens and tiie actual vessel holding 
5 (q>eration. Desirably diese obstacles aie minimized 

10091 1 In one such lower profile holder, the vessel holding tool 250 has a single main 
rod or sappofit 252 exuding distally from ±t distal end of the cannula 254 that carries a vessel 
hook 256, The hook 256 is shq>ed to partially surround the primary vessel and manipulate it to 
present a side branch to an associated vessel severing tool (not shown). Fig. 1 SB illustrates the 
10 extension of a locking member 258, which can be» for example, a concentric <xt tclescopmg 
extension of the main rod 252. The hook 256 may be substantially C^hapcd so as to partially 
surround the vessel, and the extension of fbe locking member 258 closes the rwnaining open side 
so that the vessel is completely surrounded and captured therein. In this way, a vessel may be 
securely held by the holding tool 250 without risk of dislodgment yet the view from the 
1 5 objective lens is maximized by removal of one of the support rods. 

[0092] Figs. 16A-16B illustrate a further vessel holding tool 260 of the present invention 
formed of thin wire, also to reduce its profile, reduce impediments to endoscopic viewing, and 
thus increase visibility and accuracy of the opeiaticm. The tool 260 extends from the cannula 
262 and includes a hook portion 264 formed of a single wire, and a translating locking member 
20 266 formed of another wire or pin. Again, with the locking member 266 extended the holding 
tool 260 completely encloses the vessel for manipulation and severing. Although there are two 
support rods extending from the cannula, they are extremely thin and present a minimum 
viewing obstacle to the objective lens. Desirably, the holding tool 260 is formed of metal or 
plastic wires having a thickness of between about 0.5 mm and 1 .0 mm. 
25 [0093] Fig, 17A is a partial sectional view of ft vessel holding tool 270 of the present 

invention incorporating a mechanism for preventing vessel avulsion. These types of vessel 
holding tools are used to hook the primary vessel and move down its length, occasionally 
stopping to sever side branches. If the tool is moved too fest or too hard when a side branch is 
reached, damage can occur. The tool 270 includes a hook portion 272 that is mounted on the 
30 end of a displacement rod 274 extending from the cannula 276. Within the cannula 276, the rod 
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274 passes through a friction collar 278 that acts as a d^ped slip mechaiiism between the hook 
portion 272 and the cannula 276. That is, if the hook portion 272 experiences resistance as it 
novels down the length of the primary vessel, further movement of the cannula 276 will not 
further puH or push on the vessel, but instead will cause damped relative movement between the 
5 cannula and the book portion. 

[OOSM] In a similar manner. Fig. 17B shows a vessel holding tool 280 with a hook 
portion 282 mounted on a displacement rod 284 extending from a cannula 286. A slip 
mechanism 288, in this case a piston/cylinder/spring airangement, pennits damped relative 
tool/cannula movement in case ihs hook portion catehes cm any body structure and generates a 

10 reaction force in the displacement rod 284 in opposition to movement of the cannula 286. Of 
course, the two examples of Figs. 17A and 17B are merely exemplary and other clutch 
mechanisms performing a similar function can be substituted. 

[00^1 Finally, Fig. 18 illustrates still another vessel hokiing tool 290 of the present 
invention having an enlarged locking member 292 for better positioning of the vessel 294. That 

15 is, the vessel 294 is first retained within the hook portion 296 then a locking member 292 is 
axially extended to capture it Earlier locking members were thin rods or pins that left a 
relatively large space within the mouth of the hook portion 296, and thus especially smaller 
vessels could easily move around. In this embodiment, the locking member 292 is shaped as a 
large wedge that limits the space in which the vessel 294 is held and thus increases its stability 

20 prior to the side branch severing operation. In terms of relative size, the locking member 292 
when extended desirably reduces the space within the mouth of the hook portion 296 by about 
50%. The tapered leading edge helps prevent pinching of the vessel as the locking member 292 
extends. 

25 IMPROVEMENTS TO VESSEL SEVERING FUNCTION 

[00961 Numerous instruments are known which coagulate, seal, join, or cut tissue, and 
which are suitHble» for example, for severing a target vessel from surrounding side branches and 
securing the separated ends to stanch bleeding. Such devices typically comprise a pair of 
tweezers, jaws or forceps that grasp onto and hold tissue therebetween. The devices may operate 

30 with a beating element in contact with the tissue, with an ultrasonic heater that employs 
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frictional heating of the tissue^ or with a mono- or bi-pplar electrode heating system that passes 
current through the tissue such that the tissue is heated by virtue of its own electrical resistance. 
The devices heat the tissue to temperatures such that the tissue is cither "'cut" or "sealed", as 
follows. When tissue is heated in excess of 100** Celsius, tibe tissue disposed between the 
tweezers^ jaws or forceps will be broken down and is thus, "cut". However, when the tissue is 
heated to temperatures between 50^ to 90* Celsius, the tissue will instead sinq)]y "sear or 
"weld" to adjacent tissue. Monopolar and bipolar probes, forceps or scissors use high frequency 
electrical current that passes through the tissue to be coagulated. The current passing through the 
tissue causes thf tissue to be heated, resulting in coagulation of tissue proteins. In the monopolar 
variety of these tnstnmients, the current leaves the electrode and alter passing through the tissue, 
returns to the generator by means of a "ground plate'* which is attached or connected to a distant 
part of the patient's body. In a bipolar version of such an electro-surgical instrament, the electric 
curroit passes between two electrodes with the tissue being placed or held between &e two 
electrodes as in the 'TCleppingcr bipolar forceps" used for occlusion of Fallopian tubes. A new 
development in this area is the 'Tripiolar" instrument marketed by Cabot and Circon-ACMI 
which incorporates a mechanical cutting element in addition to monopolar coagulating 
electrodes. A similar combined seahng and mechanical cutting device may also be known as a 
tissue "bisector," which merges the tenns bipolar cautery and dissector. One tissue bisector is 
packaged for sale as an element of the VASOVI£W<& 6 vessel harvesting systems by Guidant 
Corporation of Santa Clara, CA. In ultrasonic tissue heaters, a very high frequency (ultrasonic) 
vibrating element or rod is held in contact with the tissue. The rapid vibrations generate heat 
causing the proteins in the tissue to become coagulated. , Conductive tissue welders usually 
include jaws that clamp tissue therebetween, one or both of which arc resisti vcly heated. In this 
type of instrument, no electrical current passes through the tissue, as is the case for monopolar or 
bipolar cautery. 

10097] It should be understood that any of these prior instruments for severing and/or 
scaling vessels, or those described below, may be combined with the various components of the 
vessel harvesting systems described herein. It should also be understood that various 
configurations of monopolar, bipolar, or other type of electrodes may be provided on the vessel 
severing/sealing tools described below. Those of skill in the art will understand that the 
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particular shape and size of the electrodes, and their airangement with respect to other 
electrodes, will dictate the power Tequiiements and operatioiial constraints. Further, some 
embodiments described herein naay work better with one or other type of electrodes or heating 
elements, though such optimal permutations will not be exhaustively described. 
5 (009S} One important function of any severing tool is to manage vessels of dtfierent 

sizes without extra effort on the part of the user. This is particularly important for bipolar 
cautery tools which must realize good tissue contact with both electrodes for optimum 
performance. For fixed electrodes (such as the *1rise(Jtor" described above), small vessels arc 
more difficult to cauterize; users are taught to position the vessel between the bisector 
10 electrodes, and then to rotate the bisector to ensure good contact with both electrodes. Merely 
decreasing the distance between &e electrodes for better contact may prevent use on larger 
vessels. Moveable electrodes, or jaws, are on solution but require some additional effort to 
avoid clamping too hard on the vessel, which may result in damage thereto. 

[0099] Figs. 19A and 19B are schematic views bf an alternative vessel severing tool 300 
15 of the present invention having two wire electrodes 302 overlapping across a large gap G 
defined by a mouth for receiving a vessel. In contrast with some earlier devices, the gap G is 
large enough to receive both the side branches and the primary vessel, piefeiably between about 
4.0 mm and 6.0 mm, more preferably about 6.0 ram. The wire electrodes 302 that overlap in a 
crossmg pattem across the gap G arc resilient and £Ick to automatically accommodate widely 
varying sizes of vessel. In this context "accommodate" means to contact opposite sides of Ae 
vessel. This is especially important to ensure good contact with very small vessels. The vessel 
severing too! 300 desirably accommodates vessels having diameters that range from between 0.5 
mm and 6.0 mm. In a variation of die embodiment of Figs. 19A and 19B. a vessel severing tool 
has a mouth defined by facing vessel contacts that flex apart upon receiving a vessel 
therebetween, though the contacts may not be electrodes. Any cutting tool may be combined 
with a variably-sized mouth to secure different sized vessels. 

iOlOOLDcsiiably, the wire electrodes arc made of stainless steel and have a wire 
thickness of between about 0.5 mm and I.O mm so that they easily flex to permit a vessel to 
move farther into the gap than if they were more rigid ^nd thus ensure good current contact wifli 
the vessel. Also, as seen in Fig. 19B, the wire electrodes 302 are set at different radial distances 
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from the ceDtral axis of the tool out of contact with each other, thus providing the sq»iatian 
needed for bipolar coagulatioD. One distinct advantage df the vessel seveiing tool 300 over prior 
designs is its ability to autoniaticalty accommodate varying sizes of vessel. That is tools having 
movable jaws, for example, can adapt to various vessel diameters but only i^>on careful user 
S manipulatioiL The tool 300 Hm speeds up the entire vessel harvesting operation, which may 
involve severance of numerous vessels. 

[QlOll F ig. 20 is a side view of an alternative vessel severing tool 310 of the present 
invention having a stepped vessel-receiving mouth 312. The stepped shape of the mouth 312 
accommodates a wider range of vessel sizes while en^'ng good contact with tissue cautery 

10 electrodes (not shown) provided, for example, on oppo^te sides of the mouth. In contrast to a 
fixed V-sbaped gap, ihe stair-stepped shape of die mouth 312 presents several progressively 
smaller intermediate gaps with generally parallel sides that provide regjoos of constant width 
surface contact with the vessel. Also, the step to the next smaller intermediate gap contacts Ihe 
vessel. This •'bracketing" of the vessel helps ensure a . good seal without the risk of excessive 

IS pinching. The vessel severing tool 300 desirably accommodates vessels having diameters that 
range irom between OJ mm and 6.0 imn. In one embodiment, the moutii 312 of the vessel 
severing tool 300 defines intermediate gaps having widths in decreasing increinents of LO mm, 
for example 6-5-4 mm, or 5-4-3 mm. 

101021 Although immovable severmg/seaHng tools may prove suitable in certain 

20 applications, often it is desirable to apply certain amount of pressure to the vessel with movable 
jaws, for example. Figs. 21A-21B illustrate a vessel severing tool 320 of the present invention 
having jaws 322 that are resiliently biased away from one anodier and which can be partially 
closed. The jaws 322 may carry bipolar or monopolar electrodes. A pull wire or control rod 324 
connects to a closure ring 326 and enables axial displacement thereof for closing the jaws 322, 

25 as seen in Fig. 21 B. Visualization of the severing/sealing operation then enables the user to vary 
the extent of closure of the jaws 322, and thus the magnitude of pressure applied. The jaws 322 
cannot completely close and have a minimum gap therebetween as see in Fig. 21 B of between 
about 0.5 mm and 1 .0 mm. This minimum is calibrated so that die tool 320 accommodates even 
the smallest expected vessels, yet excessive clamping of even much larger vessels is reduced 

30 because there is no contact between the jaws 322. 
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101031 Fig. 22 is a side view of a vessel severing tool 330 having stationciy jaws 332 and 
lotaiy blades 334 tncorporated thereon. The blades 334 may be connected to electric power and 
function as cutting electrodes, or may be inert knife blades, that woric in conjunction with 
separate scaling electrodes (not shown) provided on the jaws 332. This configuration removes 
the need for providing electrodes that perfonn dual severing and sealing functions, which frees 
the designer to optimize the sealing electrodes. 

10104] Figs. 23A-23B are two side views of a vessel severing tool 340 having a movable 
blade 342 that desirably works in cooperation with electrodes (not shown) that seal (he cut 
vessel. A control rod 344 connects to displace the blade 342 toward an anvil 346 provided on a 
hook portion 348 of the tool 340. The blade 342 and cooperating anvil 346 are slightly angled as 
shown to sever the vessel with a shearing action. A mechanical cutter such as this may be 
desirable in contrast to electrocautery transectioa which can be time-consuming, may inflict 
thermal damage on the tissue, and may not be entirely effective. 

rOlOSl F ig. 24 schematically illustrates a vessel severing tool 350 having a system for 
clearing tissue therefrom using gas jets. Occasionally, the repeated appKcation of heat or 
electricity to tissue creates sticking or burning of the tissue to the electrodes. One means to 
resolve this problem is to provide tubing 352 extending adjacent a severing/sealing tool 354. 
The tubing 352 terminates close to the electrodes or cutting blades of the tool 354 and jets of gas 
such as CO2 may be expelled from the open ends or from special nozzles to knock tissue off the 
tool. COj is particularly suitable because it is already used for insufflation of the body cavity, 
although other fluids such as saline may also be used. 

101061 F igs. 25A-25B are fhmt and top section views, respectively, of an alternative 
vessel severing tool 360 capable of translating transversely as well as longitudinally. An 
electrode-carrying member 362 translates circumfcrentially within an arcuate slot 364, and may 
be actuated by a control rod 366. This arrangement greatly enhances the maneuverability of the 
tool and consequently &e options for the user. 

rOlOTl In Fig. 26, a sevcring^sealing tool 370 shown &om its front end within an 
insufnated tuimel 372 includes a caxmuta having a pair of partial tubular vessel shields 374 
extending therefrom around a primary vessel 376. The gaps between Ac shields 374 
accommodate side branches 378 from the primary vessel 376. A tubular cutting element 380 
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that may be axially displaced fiom tibc cannula sunounds the shields 374. The user positions the 
shields around a vessel 376 with the side hranchcs 378 as shown, and then advances fte cutting 
element 380. Hie shields 374 protect the vessel 376 and ensure adequate stump length of the 
transected branches 378. The cutting clement 380 may be a tubular km'fc blade or an electrode 
designed to cut 

10108] F igs. 27A-27B are side and top views of a vessel severing/sealing tool 400 tfiat 
incorporates several moving parts. The tool 400 includes a pair of fork-shaped electrodes 402 
spaced laterally apart so as to create a within which moves a severing blade 404. A vessel 
capturing mandible 406 also moves widnn the gap between the electrodes 402, In use, a vessel 
408 is seen positioned within the tines of the fork-shaped electrodes 402 and prior to capture by 
the mandible 406. The mandible 406 has a serrated distal finger to securely capture the target 
vessel within the tines. Upward movement of die mandible traps the vessel 408 at which time 
energy may be applied by die electrodes 402 to begin the coagulation process. Subsequently, the 
blade 404 actuates downward and severs the vessel 408. Mechanisms fc^- moving both the blade 
404 and mandible 406 are not shown, al&ougfa both have angled or arcuate proximal surfaces 
that can be utilized to cam against a delivery cannula and displace the elements toward one 
another upon their proximal retraction using a control rod, for example. 

101091 F Tgs. 28A-28B are two schematic views of a vessel severing/sealing tool 420 
incorporatmg a side-opening cutto/sealer 422. In the enlarged view of Fig. 28B, the cutter 422 
comprises an upper electrode 424 and a lower electrode 426 separated across a slot 428. The 
upper znd lower electrodes 424, 426 may be bipolar, end the slot 428 may accommodate a knife 
blade or odier such cutting device. Fig. 29 is an endoscopic view showing the use of the tool 
420 severing a side branch 430 fiom a piimaiy vessel 432. 

FOllOl Finallv. Fig. 30 is a top plan view of an alternative severing tool 440 which has a 
first ring-shaped electrode 442 extending from a cannula structure 444, and the second coil- 
shaped electrode 446 concentrically ananged around the fhsi electrode. 

[01 11] W hile the invention has been described in its preferred erabodhnents, it is to be 
understood that the words which have been used are words of dcscripticxn and not of limitation. 
Therefore, changes may be made within the appended claims without departing from the true 
scope of the invention. 
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WHATlSCLAlMgp<$: 

1 . A vessel dissector that is used in conjundtion with an endoscope^ comprising: 

an elongated cannula including a lumen Ibercin for itcetving the cndosc(^ fte 
elongated cannula fiii^ier housing a passage for delivexy of an insufQation gas 
therethrous^; 

an input for connecting to a supply of insufflation gas, the input being in fluid 
communication with the passage; 

a port opening near the distal end of ihc elongated cannula in fluid 
communication with the passage and out of which insufilatioa gas is expelled; and 

a fluid barrier covering the port that permits expulsion of insufflation gas from 
Ae passage within the elongated cannula and prevents ingress of fluid from outside the 
elongated cannula through &e port to the passage. 

2. The vessel dissector of claim 1^ wherein the port is f(»incd in the side of the 
elongated cannula. 

3. The vessel dissector of claim 2, wherein the fluid barrier comprises a tubular 
member surrounding the distal end of the elongated caimula and covering the port 

4. The vessel dissector of claim 1, wherein the fluid barrier comprises a polymer 
shield that closes off the port from the outeide but is flexible so that insufflation gas may escape 
from Ae passage therethrough. 

5. The vessel dissector of claim 1, wherein Ac fluid barrier comprises a gas- 
permeable liquid-resistant membrane that permits escape of insufflation gas therethrough but 
prevents entrance of fluid to the passage, 

6. The vessel dissector of claim 1 , further inchiding; 

a transparent conical tip i^ovided on a distal end of the elongated caimula that 
permits an operator of the dissector to dissect tissue while vievnng internal body 
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Structures via an objective lens of file endoscope positioned close to the blunt tip, 
wherein the poit is located at the apex of the conical tip. 

7, The vessel dissector of claim 1, further including; 

a transparent blunt tip provided on a distal end of the elongated cannula that 
pemtits an operator of the dissector to dissect tissue while viewing internal body 
structures via an objective lois of &6 endoscope positioned close to the bhmt tip; and 

a coupling between die distal end of the elongated cannula and the transparent 
blunt tip and a control member extendiikg through tti^ elongated cannula to enable the 
user to angle the tip relative to the axis of dx elongated cannula. 

8. The vessel dissector of claim 7, wherein the coupling is selected from the group 
consisting of: 

an accordion-like flexible inter&cc or sleeve; and 
a spherical bearing surface. 

9. A vessel dissector that is used in conjunction wift an endoscope, comprising: 
an elongated cannula including a himen Aerein for recdving the endoscope; and 

a hollow outwardly conical transparent dissecting tip provided on a distal end of 
the elongated cannula that permits an operator of the dissector to dissect tissue while 
viewing internal body structures via an objective lens of the endoscope, wherein the tip 
comprises a stnictuic generally arranged about an axis and having an inner wall that 
terminates at a distal end in a shape that tends to reduce glare back to the objective lens 
of the endoscope in comparison to a conical imer wall that tapers synmietrically to an 
apex. 

10, The vessel dissector of claim 9. wherein the shape of the distal end of the inner 
wall of the dissecting tip is an inner tapering surface tot terminates at its distal end in a line so 
as to form an elongated umer comer. 
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1 L The vessel dissector of claim 9, wherein the shape of the distal end of the nmer 
wall of the dissecting tq> is on inner surface that tapqrs downward tovwd its distal end and 
tcnninatcs in a flat surface set at an angle from the axis of the tip. 

12. The vessel dissector of claim 9, wherein fee shape of the distal end of Ac inner 
wall of the dissecting tip is a backward wedge. 

13. ITie vessel dissector of claim 9, wherein the dissecting tip has a tip diameter and 
the elongated cannula has a diameter a^accnt the dissecting tip that is between about 5(^75% of 
dike tip diameter. 

14. The vessel dissector of claim 9, further including; 

a vessel holding tool extending through the ebngated cannula and adapted for ' 
longitudinal nwvement therein; and 

a vessel severing tool extending through the elongated cannula and adapted for 
longitudinal movement therein; 

wherein the dissecting tip includes apertures for passage of the vessel holding 
tool and the vessel severing tool. 

15. The vessel dissector of claim 14, and wtoein each of the vessel holding tool and 
vessel severing tool docks into recesses in the dissecting tip and has an exterior shape that 
confonns to the conical exterior of the dissecting tip so as to mateh its shape. 

16. The vessel dissector of claim 14, and wherein the vessel severing tool is a tissue 

welder. 

1 7. A vessel dissector that is used in conjunction with an endoscope, comprising: 
an elongated cannula inchiding a lumen therein for receiving the endoscope; and 
a tiansparcnt bhmt tip provided on a distal end of the elongated cannula that 

pennits an operator of the dissector to dissect tissue while viewing internal body 
structures via an objective lens of the endoscope; and 
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^& wiper for clearing tissue fiom &e exterior of fhc transparent bhtnt tip. 

18. The vessel dissector of claim 17, wherein the wiper is ananged on the elongated 
cannula to pivot about an axis to alternately contact and disengage from tihe transparent blunt tip, 
and a mechanism for rotating the blunt tip. 

19. The vessel dissector of claim 17, wherein the wiper is ananged on the elongated 
cannub to contact the bhmt tip and swivel about the axis of the device. 

20. The vessel dissector of claim 17, wbereiit the wiper is an O-iing wiper fitted over 
the blunt tip and connected to an actuation rod that displaces the O-ring wipei longitudinally to 
wipe over tiie bhrat tip. 

21. The vessel dissector of claim 17, wherein the wiper is arranged on the elongated 
cannula to contact the blunt tip and has an energized cutting electrode thereon to remove tissue 
via ablation. 

22. The vessel dissector of claim 17, further including a handle disposed at a 
proximal end of the elongated cannula and a thumb lever thereon connected to an actuating rod 
for displacing the wiper relative to the transparent blunt tip and clearing tissue therefrom. 

23. A vessel harvester that is used in conjunction with an endoscope, comprising: 
an elongated cannula including a lumen therein f<»^ receiving the endoscope; 

,a vessel holding tool extending through the elongated cannula and adapted for 
longitudinal movement therein, a distal end of Ihe vessel holding tool including a vessel 
hook and a locking member used to capture a target vessel, wherein the hook is open on 
one side and extension of the locking member closes the open side so that the target 
vessel is completely surrounded and captured therein; 

a vessel severing tool extending through the elongated cannula and adapted for 
longitudinal movement therein, the severing tool having a distal operative end with 
stmctmt for severing a target vessel; and 
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wherein the vessel holding tool includes a si^yport rod that extends through the 
elongated cannula and which is canfiguied to angle laterally at a location close to tibe 
distal end of the tool to enable lateral vessel manipulation and improve positioning of the 
vessel severing tool relative to the target vessel. 

24. The vessel harvester of claim 23, \%Aerein the support rod is hent out of a plane in 
which the support rod hes at a locatira close to the distal end of the vessel holding tool such tfiat 
the distal end angles toward the vessel severing tool. 

25. The vessel harvester of claim 24, wherein the support rod is flexible such that the 
bend is retracted into the cannula and distal extension of the vessel holding tool from the end of 
tite elongated caimula displaces its distal end laterally. 

26. The vessel harvester of claim 24, wherein the support rod is flexible aiKl 
surrounded by a rigid hypotube which is also adapted for longitudinal movement wift respect to 
the cannula, wherein extension of both the sa^ppaxi rod and hypotube from the cannula and then 
retraction of the hypotube from around the support rod angles the vessel holding tool. 

27. The vessel harvester of claim 23, wherein the support rod is bent out of a plane in 
which the support rod lies at a location close to the distal end of the vessel holding tool using an 
active anglmg mecharrism controlled from a proximal end of the elongated cammb. 

28. The vessel harvester of claim 23, wherein ftc vessel hook of the vessel holding 
tool includes a blunt tapered distal dissecting surface for blunt dissection of tissue. 

29. The vessel harvester of claim 23, wherein the vessel hook of the vessel holding 
tool defines a space therein for receiving a target vessel, and wherein the locking member is 
shaped as a large wedge to reduce the space widun the open vessel hook by about 50% and 
includes a tapered leading edge that helps prevent pinching of the target vessel as the locking 
member extends. 
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30. A vessel harvester &at is used in conjunction with an endoscope, c onipiiatiu g: 
^an elongated cannula including a lumen Hherein for receiving the endoscope; 

. a vessel severing tool extending throogib the elongated cannula and adapted for 
loqgimdinal movemoit &erm, &e sev^g tool having a distal operative end with 
structure for severing a target vessel; and 

.a vessel holding tool extending tfaroug}i Ae elongated cannula and adapted for 
longitudinal movement fherein, the vessel holding tool having a single support rod that 
extends thrcHigh the elongated cannula and a distal end wift a vessel hook and a locking 
member used to capture a target vessel and manipulate it to present a side branch of the 
target vessel to the vessel severing tool, wherein the hook is open on one side and 
extension of the locking member closes the .open side so lhat the target vessel is 
completely surrounded and captured th^ein, and wherein the locking member extends 
concentrically from the single support rod on one lateral side of the vessel hook» 
single support rod therefore reducing endoscopic viewing impediments relative to more 
than one support rod 

31. The vessel harvester of claim 30, wherein the support rod is configured to angle 
laterally at a location close to the distal end of the tool to enable lateral vessel manipulation and 
improved positioning of Itz vessel severing tool relative to the tai;get vessel. 

32. The vessel harvester of claim 30, wherein the vessel book of the vessel holding 
tool includes a blum t^>ered distal dissecting surface for blunt dissection of tissue. 

33. A vessel harvester that is used in conjunction with an endoscope, comprising: 
.an elongated cannula including a lumen therein for receiving the endoscope; 

a vessel severing tool extcndmg through the elongated cannula and adapted for 
longitudinal movement therein, the severing tool having a distal operative end with 
stmcture for severing a target vessel; and 

a vessel holding tool cxtendiog through the ekmgated cannula and adapted for 
longitudinal movement therein, the vessel holdmg tool having a support rod that extends 
throttgih the elongated cannula and a distal end with a vessel hook and a locking member 
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used to capture a target vessel and manipubte it to jNresent a ^de lirandi of die target 
vessel to the vessel seveiing tool, ixtoein the book is open on one side and extension of 
&e locking member closes the open side so that the taiget vessel is completely 
surrounded and captured therein, and wherein the distal end of the vessel holding tool 
including ibt hook and locking member arc constmcted of a thin wirefbinn for reduced 
impediment to endoscopic viewing 

34. The vessel harvester of claim 33, wherem the thin wirefcnn is formed of metal or 
plastic wires having a Ihickness of between about 0.5 mm and 1.0 mm. 

35. The vessel harvester of claim 33, wherein the support rod is configured to angle 
laterally at a location close to the distal end of the tool to enable lateral vessel manipulation and 
improved positiom'ng of the vessel severing tool relative to the target vessel. 

36. A vessel harvester that is used in conjunction with an endoscope^ compiising: 
,an elongated cannula including a lumen herein for receiving the endoscope; 

a vessel severing tool extending through tbe elongated cannula and adapted for 
longitudinal movemoit therein, the severing tool having a distal operative end with 
structure for severing a taiget vessel; 

.a vessel holding tool extending through ^e elongated cannula and adapted for 
longitudinal movement therem, the vessel holding tool havmg a support rod that extends 
through the elongated caimula and a distal end with a vessel holder used to capture a 
target vessel and manipulate it to present a side branch of the target vessel to the vessel 
severing tool; and 

a damped slip mechanism provided around the support rod of the vessel holding 
tool for permitting relative movement between the cannula and the support rod if the 
vessel holder catches on any body structure and generates a reaction force in the support 
rod in opposition to movement of the cannula. 

37. The vessel harvester of claim 36, wherem the damped sHp mechanism comprises 
a friction collar surrounding the support rod. 
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38. The vessel harvester of claim 36, whererti the damped slip mechanism comprises 
a piston/cylinder/^spring arrangement coupling movement of the support rod and cannula. 

39. The vessel harvester of claim 36, wherein the vessel holder of Ihe vessel holdmg 
tool is open on one side and defmes a space therein for receiving a target vessel, tfie vessel 
holding tool fnrlher including a locking member that moves to close the open side of &e holder 
so that the target vessel is completely surrounded and ca^ytured therein, and whereb the locking 
member is shaped as a lai;ge wedge to reduce the space within the open vessel bolder by about 
50% and includes a tapered leading edge that helps prevent pinching of the target vessel as the 
locking member moves, 

40. The vessel harvester of claim 36, wherein the vessel holding tool has improved 
visibility by virtue of a single support rod that extends throu^ the elongated cannula, wherein 
the locking member extends concentrically from ftie single support rod on one lateral side of the 
vessel holder, the single support rod therefore reducing endoscopic viewing impediments 
relative to more than one support rod 

41 . The vessel harvester of claim 36, wherein Ac distal end of the vessel holding tool 
inchiding the holder and locking member are constructed of a thin wireform for reduced 
impediment to endoscopic viewing. 

42. A vessel harvester thai is used in conjunction witii an endoscope, comprising: 
.an elongated cannula including a hnnen therein for receiving the endoscope; 

a vessel sevimng tool extending Arougih the elongated cannula and adapted fx 
longitudinal movement therein, the severing tool having a distal operative end with an 
open mouth for receiving a target vessel that automatically accommodates widely 
varying sizes of vessel, and a severing device associated with the mouth; and 

a vessel holding tool extending through the elongated cannula and adapted for 
longitudinal movement therein, the vessel holding tool having structure used to capture a 
target vessel and manipulate it to relative to the vessel severing tool. 
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43. The vessel harvester of claim 42, i^lierein the mouth of ftic vessel seveting tool 
accommodates vessels having diaroetets that range torn between 0.5 and 1.0 mm. 

44. The vessel harvester of claim 43, wherein the mouth has facing vessel contacts 
that fkx apart i^n receiving a vessel therebetween. 

45. The vessel harvresta of claim 42, wherein the severing device comprises bipolar 
electrodes disposed to contact a target vessel received within the mouA, 

46. Hie vessel harvester of claim 45, herein the bipolar electrodes comprises wire 
-ilectrodes ananged in a crossing pattern in the mouth. 

47. The vessel harvester of claim 42, wherein the mouth has a stepped shape with 
several progressively smaller intermediate gaps having generally parallel sides that provide 
regions of constant width surface contact with the vessel 

48. The vessel harvester of claim 47, wherein the intermcdiBte gaps have widtte in 
decreasing increments of 1 .0 mm. 

49. The vessel harvester of claim 42, whciein the severing device comprises a 
mechanical cutter disposed transvene to a target vessel received within the mouth. 

50. The vessel harvester of claim 42, further including a fluid conduit terminating 
close to tiie distal operative end of the vessel severing too] and adapted to deliver a fluid jet to 
knock away tissue that may stick to the distal operative end 

5 1 . The vessel harvester of claim 42, wherein the vessel severing tool is connected to 
a control rod and is located vnMn an arcuate slot formed in &e elongated cannula, the control 
rod being capable of translating the distal operative end laterally within the aicuatc slot as well 
as longitudinally. 
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52. The vessel harvester of claim 42, wherein the mouth of the vessel severing tool 
opens to one side of the distal operative end 

53. The vessel harvester of claim 42, wfaetein fttt vessel holdii\g tool includes a 
support rod that extends tiirou^ the elongated cannula, and wherein the support rod is bent out 
of a plane in which the su]:^>OTt rod lies at a location close to the distal end of the vessel holding 
tool such that the distal end angles toward the vessel severing tool. 

54. The vessel harvester of claim 42» wherein the vessel holding tool includes a 
support rod that extends duough tise elongated cannula, vt^terein the support rod is bent out of a 
plane in which the support rod lies at a location close to the distal end of the vessel holding tool 
such that the distal ex^ angles away from tilie vessel severing tool. 

55. The vessel harvester of claim 42, wherein the vessel holding tool includes a 
support rod that extends through the elongated cannula, wherein the siqjport rod is bent out of a 
plane in which the support rod hes at a location close to the distal end of the vessel holding tool 
using an active angling mechanism conttolled fiom a proximal end of the elongated cannula. 

56. A vessel harvester that is used in conjunction with an endoscope, comprising: 
an elongated cannula tncluding a lumen therein for receiving the endoscope; 

,a pair of partial tubular vessel shields ^tending from the cannula and define a 
lumen sized to receive a target vessel, the partial tubular vessel shields defining gaps 
therebetween sized to receive a side branch extending from the target vessel; and 

a tubular cutting element sized to surround the partial tubular vessel shields and 
axially displaceable from the cannula, wherein the tubular cutting element advances to 
sever any side branch received within the gaps and the partial tubular vessel shields 
protect the target vessel from the severing operation. 

57. The vessel harvester of claim 56, wherera the vessel severing tool is a tubular 
knife blade. 
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58. TTie vessel harvester of claim 56, further including a fluid conduit terminatiiig 
close to the partial tubular vessel shields and adapted to deliver a fluid jet to knock away tissue 
that may stick to the vessel shields. 

59. A vessel harvester that is used in conjunction with an endoscope, comprising: 
^an elongated cannula including a lumen therein for receiving the endoscope; 

a pair of fork-shaped vessel sealing electrodes having tines and spaced laterally 
apart so as to create a gap therebetween; 

.a vessel capturing mandible arranged to move within the gap between the 
electrodes to capture a target vessel positicHied between the tines; and 

a severing blade mounted to move within the gap and sever the target vessel. 

60. The vessel harvester of claim 59, wherein the vessel capturing mandible has a 
seirated distal finger to securely capture the target vessel within the tines. 

61. The vessel harvester of claim 59, wherein both of the vessel capturing mandible 
and severing blade have control rods and angled proximal sur&ces that cam against a distal end 
of the elongated cannula and displace them toward one another upon proximal retraction of the 
control rods. 

62. The vessel harvester of claim 59, further including a fluid conduit terminating 
close to the fork-shaped vessel sealing electrodes and adapted to deliver a fluid jet to knock 
away tissue that sticks to the sealing electrodes. 
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